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ISOLATION METHOD UTILIZING A HIGH 
PRESSURE OXIDATION 

BACKGROUND 

1. Field of the Invention 

The present invention relates to an isolation process using 
high pressure ?eld oxidation. 

2. Background of the Related Art 
Integrated circuits depend upon electrical isolation 

betWeen various components on a chip in order to operate 
properly. 

The isolation technique used depends, in part, upon the 
type of integrated circuit that is being fabricated, and, more 
speci?cally, the minimum achievable dimensions of the 
circuit components being manufactured. 

Isolation techniques, generally, form a thick oxide 
betWeen different circuit components to isolate these com 
ponents. Different isolation techniques have different 
advantages, but it is desirable to keep the isolation technique 
process as simple as possible, While also fabricating an 
integrated circuit that has repeatable, high quality isolation 
betWeen components. Simple processes may not provide 
sufficient isolation, Whereas overly complex processes that 
provide excellent isolation may not be repeatably performed 
in a cost effective manner. 

Current sub 0.35 micron isolation processes typically 
utiliZe recessed ?eld oxidation techniques to form an isola 
tion region betWeen active regions on an integrated circuit 
chip. Generally, a shalloW trench isolation (STI) technique is 
used. 

The typical LOCOS masking operation using layers of 
silicon dioxide, silicon nitride and photoresist are used to 
de?ne the active regions. After the photomasking operations 
a plasma etch is used to remove the nitride and oxide in the 
open areas to expose the silicon at areas Where the shalloW 
trench is desired. A plasma silicon etch is used to form the 
shalloW trench in the open areas that has 80—85 degree 
sideWalls, Which shalloW trench then serve as the starting 
point to achieve the desired isolation betWeen transistors. 
After the etch, the photoresist is removed and a thin oxide 
is groWn in the exposed trench. At this point in the process, 
ions can be implanted to form the Wells and to introduce 
dopants on the sideWalls of the trench to prevent inversion 
regions on the sideWalls of the trench. The trenches are then 
?lled, typically With a deposited oxide, Which is then pol 
ished back to the silicon nitride layer covering the active 
regions. 

This shalloW trench isolation technique, though Widely 
used, has disadvantages that the present inventors have 
identi?ed, including: 

1) A sharp active edge at the oxide ?lled trench region 
leading to gate oxide reliability problems; 

2) Long CMP polishing times leading to non-uniformity, 
dishing and erosion problems; 

3) A step With greater than 85 degree or re-entrant from 
the isolation oxide to the active region, causing gate oxide 
polysilicon stringers; 

4) Multiple processing steps, in addition to the steps used 
in conventional LOCOS operations; 

5) Design issues because of CMP dishing, including the 
creation of dummy patterns or design rule limitations; 

6) CMP is a dirty process, particles and impurities in 
slurry, causing post CMP clean operations to be compli 
cated; 
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2 
7) Trench depth control is dif?cult because an endpoint 

cannot be established; and 
8) The angle of the trench has to be less than 90 degrees, 

typically around 85 degrees, in order to prevent high stress 
regions in the active region, Which angle undesirably 
enhances transistor leakage. 

In addition to the above identi?ed disadvantages, the 
above described operation used to create a STI structure is, 
undesirably, very expensive due to the large number of 
processing steps involved and the expensive equipment 
needed to implement them. Accordingly, a need exists for a 
neW isolation method that is particularly suited for even 
smaller dimension integrated circuit devices, such as 0.35 
um, Which method overcomes the disadvantages of current 
isolation techniques. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a neW 
isolation technique that provides repeatable isolation for 
integrated circuit devices, and is particularly applicable to 
integrated circuit devices having very small dimensions. 

It is a further object of the present invention to provide an 
isolation technique Which alleviates stress at the oxide 
silicon interface of the isolation region, thereby permitting 
isolation regions of any siZe to be formed. 

It is still another object of the present invention to provide 
a method of forming an isolation region that is formed using 
a groWn oxide. 

In order to achieve the above objects, among others, the 
present invention applies a silicon nitride or the like as a 
mask over portions of a substrate, such as an active region, 
Where oxide groWth is undesired. Thereafter, Without the 
formation of a recess in the substrate, a high pressure 
oxidation process is used to groW an oxide in a furnace. The 
oxide thus groWs into the non-masked areas of the substrate, 
as Well as over the silicon nitride used as a mask. Thereafter, 
a chemical-mechanical polish is used to remove undesired 
oxide, With the silicon nitride being used as an endpoint to 
terminate the polish operation. 
By using the above described process, an extremely clean 

oxide can be repeatably groWn into a substrate in a manner 
that does not create stress, nor damage the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages of the present invention may 
be appreciated from studying the folloWing detailed descrip 
tion of the preferred embodiment together With the draWings 
in Which: 

FIGS. 1A, 1B, 1C, 1D and 1E illustrate using cross 
sectional vieWs a process of forming an isolation region in 
a semiconductor substrate according to the present inven 
tion; 

FIG. 2 illustrates a top vieW of a protective layer mask 
pattern formed over a semiconductor substrate according to 
the present invention; 

FIG. 3 illustrates a top vieW of an isolation region formed 
in a semiconductor substrate according to the present inven 
tion; and 

FIG. 4 illustrates a second embodiment of the present 
invention in Which a trench is utiliZed to increase the 
thickness of oxide groWn in the substrate. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

FIG. 1A illustrates in cross section a part of a protective 
layer 12, having portions 12A, 12B and 12C, that is used as 
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a mask and is disposed over a substrate 10, Which Will 
typically be silicon. The substrate 10 referred to is a portion 
of a Wafer 8 such as illustrated in FIG. 1D, the Wafer 8 
ultimately containing many integrated circuit chips. Protec 
tive layer 12 is preferably silicon nitride, but could also be, 
for example, polysilicon or oxynitride, and have any thick 
ness range betWeen 20 A to 5000 A. Protective layer 12 
needs to be a material that has hardness characteristics that 
can Withstand chemical-mechanical polishing as described 
hereinafter. Preferably, the protective layer 12 Will also 
inhibit oxide groWth over it. Portions 12A, 12B and 12C of 
protective layer 12 can be obtained using Well knoWn 
masking techniques. A different part of a pattern than shoWn 
in FIG. 1A that exists on a Wafer 8 is illustrated from a top 
vieW in FIG. 3. Protective layer 12 Will, therefore, exist over 
the entire Wafer 8. 

Abuffer layer 14 Which can be, for example, a doped or 
undoped oxide layer Whose thickness range is betWeen 20 A 
to 1000 A, or an organically based material such as spin-on 
glass, can be groWn or deposited over the substrate 10 to 
separate the substrate from protective layer 12. The protec 
tive layer 12 is made of a material that Will likely cause 
damage to the substrate 10 if it directly contacts the substrate 
10. Of the protective layer materials previously mentioned, 
only oxynitride does not require such a buffer layer betWeen 
it and the substrate 10. Such a thickness range alloWs for 
changes in the ?eld oxide encroachment and thickness of the 
?eld oxide for the CMP oxide stop, described hereinafter. 

After the protective layer is de?ned the exposed silicon 
layer can, but need not be, slightly etched, as illustrated in 
FIG. 4, to create a trench 30 that alloWs the majority of the 
thermal oxide to be recessed beloW the silicon interface. The 
trench can be up to 5000 A, With a preferred depth of 1200 
A. The side Walls of the trench can be protected by a 
deposited nitride layer 32 to prevent lateral oxide groWth. 
The protective nitride layer is deposited then etched aWay on 
the top and bottom of structures using a reactive ion etch, 
Which is directional, leaving a silicon nitride “spacer” or 
“?llet” on the trench sideWall. The nitride layer can be from 
50 A to 500 A thick With a preferred thickness of 150 A. If 
no nitride spacer is used then lateral encroachment is greater. 
If such a trench 30 is used, the created oxide Will have a 
greater percentage that is recessed beloW the substrate 
surface, instead of above the substrate, due to the presence 
of the trench. 

Thereafter, a hydrogen cleaning process is performed. 
FolloWing the hydrogen cleaning, the process of groWing 
oxide regions over the masked substrate structure folloWs, as 
illustrated in FIG. 1B, With oxide regions containing isola 
tion regions 16 that exist betWeen the protective layers 12 
and an undesired ?eld oxide 18 extending above the isola 
tion regions and also at locations betWeen the protective 
layers 12, as illustrated in FIG. 1C. As FIG. 3 illustrates, the 
oxide 18 Will not groW over the protective layer 12. During 
the groWth process, the semiconductor substrate is placed in 
a furnace and the oxide is groWn under high pressure 
conditions, in Which the pressure is betWeen 1 to 20 atmo 
spheres and preferably greater than 2 atmospheres. 

This groWth takes place at a temperature of betWeen 700 
C. to 1100 C., preferably 900 C. and lasts for a duration 
betWeen 2 to 600 minutes, preferably in the range of 20 to 
60 minutes, and, more particularly, 30 minutes. The choice 
of temperatures and times are dependent on the desired ?lm 
thickness along With the physical and electrical results. 

Using the above described oxide groWth process, oxide 
regions result having a thickness of up to 20,000 A With a 
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4 
preferred thickness of 8000 A. Since approximately 50% of 
the oxide thickness, corresponding to undesired oxide 18, 
Will be above the top surface of the substrate, the total oxide 
thickness Will be tWice that of the thickness of the oxide 
beloW the substrate surface. 

Other conditions that must be controlled during the oxide 
groWth step are the gas ?oWs (O2; H2, N2) and ratios. In a 
preferred embodiment, no hydrogen is used during oxide 
groWth. If hydrogen is used, the ratio of O2 to H2 is greater 
than 1.6 to 1, and preferably 2 to 1, and nitrogen Would not 
typically be introduced. If only O2 and N2 Were used, the N2 
assists in maintaining uniformity across the surface of the 
Wafer, or Wafers if batch processing is used. In that case, 
only small amounts of N2 are used, typically a less than 5 
percent. 

After the oxidation process, a global planariZation step 
takes place to remove the undesired oxide 18 that has groWn 
above the substrate 10. As illustrated in FIG. 1D, the entire 
Wafer 8, Which contains the substrate 10, the protective layer 
patterning 12 and the oxide regions is placed on a table 20, 
cooled to 0 F. to 50 F. With the preferred settings at 50 F. 
degrees, Which assembly is placed Within a container 22 and 
a slurry 24 is introduced. Chemical mechanical polishing, 
using a pad 26, removes the undesired oxide 18 so that 
isolation regions 16 result therefrom, Which isolation 
regions are level With the nitride in protective layer 12. 
The nitride protective layer has such a sloWer polish rate 

that it acts as an oxide stop or support ?lm for the pad 26, 
until the ?eld oxide is polished doWn to the same level as the 
nitride. The protective laWyer and colder polishing table 
help prevent dishing, and alloW for shorter polishing times 
than conventionally. In comparison to standard STI 
processes, less oxide is being removed because there is no 
oxide over the active region. While the isolation oxide 
regions have to be polished back to the same level as the 
protective layer 12 over the active region, since less material 
is being removed, the process is performed more quickly. 
The polishing parameters and the polishing consumable 

items determine the ?nal process characteristics. It has been 
found that the folloWing polishing settings and consumables 
can be used for this process although other conditions or 
consumables could be used to achieve these same or better 
results. The polishing parameters and consumables are: 

a doWn force of 5 psi; 
a backpressure of 1.5 psi; 
a pad temperature of 50 F; 
a polishing table speed of 28 rpms and a carrier speed of 

30 rpms; and 
consumables being ILD1300 slurry from Rodel, a IC1400 

polishing pad and a DF200 carrier ?lm. 
After the undesired oxide has been removed the protective 

layer 12 is then removed using either a Wet chemical or dry 
plasma chemical etch. 

FIG. 1E illustrates the resulting structure. There is no need 
for an annealing step at this point because the oxide does not 
need to be densi?ed. Further, the damage in the silicon is 
reduced because the substrate has either not been plasma 
etched or the damage layer has been consumed in the 
subsequent oxide groWth operation. 

FIG. 3 illustrates a top vieW of isolation regions 16 that 
are formed, for a portion of a Wafer 14 Which corresponds 
to the protective layer 12 illustrated in FIG. 2. It should be 
noted that isolation regions 16 can have length/Width dimen 
sions that are as small as 0.1 um With the partial trench 
operation or as loW as 0.4 um With only the high pressure 
?eld oxide groWth operation, shoWn in FIG. 3 as distance 
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D2, and, more signi?cantly, as large as desired Without 
adverse effects from stress. 

Advantages of using the high pressure oxide groWth 
according to the present invention include: 

1) A denser oxide can be achieved When only oxygen (no 
hydrogen and oxygen mixture) is used during oxide groWth. 

2) LoWer stress is achieved because the oxide is groWn at 
a loWer temperature than conventional processes. 

3) The method provides for the usage of hydrogen to 
preclean the surface prior to oxide groWth. 

4) The overall process, including the oxide groWth step, is 
much shorter than conventional processes. 

5) After the protective layer 12 is removed the resultant 
transition from the isolation oxide to the active region is less 
abrupt (reducing the effect of poly gate stringers). 

6) Shorter polishing times and subsequently better ?nal 
?lm uniformity are achieved, since less ?lm is being 
removed than in conventional STI processes. 

7) Damage to the silicon is reduced since the silicon is not 
plasma etched. When a shalloW trench 30 such as illustrated 
in FIG. 4 is created, the damage is consumed in the isolation 
oxidation process. 

8) FeWer processing steps are required than STI and 
subsequently the process is more economical. 

9) The lateral oxide groWth rate can be reduced by either 
varying the pressure or using the nitride sideWall layer 32 
When a shalloW trench 30 such as illustrated in FIG. 4 is 
used. 

While the invention has been described in connection 
With What is presently considered to be the most practical 
and preferred embodiments, it is understood that the inven 
tion is not limited to the disclosed embodiment. For 
example, each of the features described above can be used 
singly or in combination, as set forth beloW in the claims, 
Without other features described above Which are patentably 
signi?cant by themselves. 

Accordingly, the present invention is intended to cover 
various modi?cations and equivalent arrangements included 
Within the spirit and scope of the appended claims. 
We claim: 
1. A method of forming an oxidation layer in a substrate 

comprising the steps of: 
applying a protective layer as a mask to portions of a top 

surface of said substrate Where oxidation is to be 
prevented to obtain a masked surface having unmasked 
portions, said protective layer being capable of With 
standing a chemical mechanical polishing; 

oxidiZing said masked surface so that oxide regions are 
created Within said substrate at locations corresponding 
to said unmasked portions; and 

removing a top portion of said oxide regions using a 
chemical-mechanical polishing operation and a pad to 
obtain isolation regions, Wherein pad support is pro 
vided by said protective layer. 

2. A method according to claim 1 Wherein said protective 
layer is comprised of silicon nitride, said substrate is silicon, 
and a buffer layer is disposed betWeen said protective layer 
and said substrate. 

3. A method according to claim 1 Wherein said step of 
oxidiZing uses a high pressure oxidation process in Which 
said oxidation pressure is greater than 2 atmospheres. 

4. A method according to claim 3 Wherein said oxidiZing 
step groWs said oxide regions using a temperature that is less 
than 1100 degrees F. 

5. A method according to claim 4 Wherein said oxidiZing 
step takes 2 to 600 minutes to complete. 

6. A method according to claim 4 Wherein said oxidiZing 
step takes 20 to 60 minutes to complete. 
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6 
7. A method according to claim 1, Wherein said substrate 

is a Wafer, and said protective layer is substantially unifor 
mally disposed over various locations on said Wafer. 

8. A method according to claim 7 Wherein said step of 
applying said protective layer results in unmasked portions 
having length and Width dimensions that are larger than a 
thickness of said isolation regions. 

9. A method according to claim 1 Wherein said oxidiZing 
step uses oxygen, Without any hydrogen. 

10. Amethod according to claim 1 Wherein said oxidiZing 
step groWs said oxide regions using a temperature that is less 
than 1100 degrees F. 

11. A method according to claim 1 further including the 
step of cleaning said masked surface With hydrogen prior to 
said step of oxidiZing. 

12. Amethod according to claim 1 Wherein said protective 
layer is comprised of polysilicon and a buffer layer is 
disposed betWeen said protective layer and said substrate. 

13. Amethod according to claim 1 Wherein said protective 
layer is oxynitride. 

14. Amethod according to claim 1 Wherein said substrate 
is not subjected to a plasma etch. 

15. A method according to claim 1 further comprising the 
step of forming a trench in said substrate at locations 
corresponding to said unmasked portions prior to said step 
of oxidiZing. 

16. A method according to claim 15 Wherein sideWalls of 
said trench are protected using nitride protective layer. 

17. A method according to claim 1 Wherein said oxide 
regions groWs over said unmasked portions, but no substan 
tial oxide groWth occurs over said masked surface. 

18. A method according to claim 1 Wherein a top surface 
of said isolation regions substantially corresponds to a top 
surface of said protective layer. 

19. Amethod of forming an oxidation layer in a substrate 
comprising the steps of: 

applying a protective layer as a mask to portions of a top 
surface of said substrate Where oxidation is to be 
prevented to obtain a masked surface having unmasked 
portions, said protective layer being capable of With 
standing a chemical mechanical polishing and inhibit 
ing oxide groWth over a top surface of said protective 
layer; 

oxidiZing said masked surface so that oxide regions are 
created Within said substrate at locations corresponding 
to said unmasked portions; and 

removing a top portion of said oxide regions using a 
chemical-mechanical polishing operation and a pad to 
obtain isolation regions, Wherein pad support is pro 
vided by said protective layer. 

20. A method according to claim 19 Wherein said step of 
oxidiZing uses a high pressure oxidation process in Which 
said oxidation pressure is greater than 2 atmospheres. 

21. A method according to claim 20 Wherein said oxidiZ 
ing step groWs said oxide regions using a temperature that is 
less than 1100 degrees F. 

22. A method according to claim 19 Wherein said oxidiZ 
ing step uses oxygen, Without any hydrogen. 

23. A method according to claim 19 Wherein said oxidiZ 
ing step groWs said oxide regions using a temperature that is 
less than 1100 degrees F. 

24. A method according to claim 19 further including the 
step of cleaning said masked surface With hydrogen prior to 
said step of oxidiZing. 

25. A method according to claim 19 Wherein said oxidiZ 
ing step takes 2 to 600 minutes to complete. 

26. A method according to claim 19 Wherein said oxidiZ 
ing step takes 20 to 60 minutes to complete. 
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27. Amethod according to claim 19 wherein said substrate 
is not subjected to a plasma etch. 

28. Amethod according to claim 19 Wherein a top surface 
of said isolation regions substantially corresponds to a top 
surface of said protective layer. 

29. A method according to claim 19 further comprising 
the step of forming a trench in said substrate at locations 
corresponding to said unmasked portions prior to said step 
of oxidiZing. 

30. A method according to claim 29 Wherein sideWalls of 
said trench are protected using a nitride protective layer. 

31. A method according to claim 29 Wherein said step of 
oxidiZing uses a high pressure oxidation process in Which 
said oxidation pressure is greater than 2 atmospheres. 

32. A method according to claim 31 Wherein said oxidiZ 
ing step groWs said oxide regions using a temperature that is 
less than 1100 degrees F. 

33. A method according to claim 29 Wherein said oxidiZ 
ing step uses oxygen, Without any hydrogen. 

1O 

15 

8 
34. A method according to claim 29 Wherein said oxidiZ 

ing step groWs said oxide regions using a temperature that is 
less than 1100 degrees F. 

35. A method according to claim 29 further including the 
step of cleaning said masked surface With hydrogen prior to 
said step of oxidiZing. 

36. A method according to claim 19 Wherein said protec 
tive layer is comprised of silicon nitride, said substrate is 
silicon, and a buffer layer is disposed betWeen said protec 
tive layer and said substrate. 

37. A method according to claim 19 Wherein said protec 
tive layer is comprised of polysilicon and a buffer layer is 
disposed betWeen said protective layer and said substrate. 

38. A method according to claim 19 Wherein said protec 
tive layer is oxynitride. 

* * * * * 


